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*t #J * * * 



1 • 

#A-f*f*#— - f** a * a, * a 

iWs, *a*J?^t*<5— +**a*iL* a# 

J?^t*#-++*a*w**«^#*++^a, 
#>a^*#-=.++#.aiLW^a*+HJ5— ^ 

*MM5 — ++^a^*|5-=:+^^a4LRia^^--^^, iS*«.J» 

#H&# a ^ , #Nfc# -t a £ & ^ — + 

**a*R**+-Mta#A, ^f- WilUfc'b-fi; 



#-ai*i. 

*,*| jft ^ #4MI , n st -f # A Wfc* A + a *f 
/»NM*-3-*Np**-, mutt a 



#— a, #a^A-f J9NMJ— 

»— -*fc*£****+-fr*a, «t*#*+*#.a«A-f^i«.+ 

w#^+^art , ^*#^+*#.aJt^**#*^**-f 
%*stf#-=.+*#.a. 



11 •**^#J**.9**J| £ -5 L ^*A***'fr, jL^? 

12 • — #+*#*A**»#, 

#Al^tt+^fM*AJitf MIS *fi «| 

^A^^-f^^A-t^^-f-^^il*^, ik&T^WitL MIS 

mis A4MFti$fei&«, siJMt* mis 

^M"* *^A-f^t«.+^#A-L, 

MIS A4Mfr*MMLEJ, ^t***^*^^^*-?-^^**-**^ 

13 ■ #4Br*l#J*#. 12 *t/8-f**/5f 

i£ MIS A#.*W*^#«W*^JLW^*^*#'A^Al ! -^t*+ 
-*-4Mt A t x— . 

14 • *M**l#|*& 13 tt+-**£A**J*fr, i£k*HilJ^/ff 



15 -4U*4M4£-«. 12 fl- 
it mis A^^a^4tW^*^J£W^i^*^^^^Af-^i«,+ 
+4M*Jfct** — mis A#»f, mUftii* mis A#-*tia*>* 

16 -#4&jM'J*#. 15 ^-f*^****^, €&«If^r 
*h it^lftAfrtJftf-^*^^^*^-^* mis A***m4L 

^^m^m^¥^^^-^m^i mis a*-****— 

*A*#A«#***4^*^>b^*4J»*#*Ak*.^. i&mtUlft 

18 • ***l*J#* 17 £*fli£*t£/L 

Mis A4Mh mX,Mls A4MF *****.***JJi-F&*J3t 
ifc^^ift-f^^til MIS A4MfttX*. #»^****U/5t* 

19 ■ fefrMfl** 12 *t**A«* 

+%*ai*$#.s.+-*'#>a, wMt^+-»-*a*i-A-F*** 



■^frttjk t , a ft*-- f - wwt — * * * — a *» 
%*«itt*.M L -»-#.art , #tt#^+*#.aJ*#*4^fc^## 

+^art, JLJ5^t*#-#*^*i«-f-*ife*. 

20 • 19 fl*****^***, 

21 -***L#J** 19 * + ^*»— 

*MW#*++*a^***A^/9t**--+**ai^*--+ 
♦-^a, /3t«.#— +**fi^#^+*^a****«A*.-f ^t*#— 

+-»-#>a. 

^^^^^4=^^^a^^^^^%#^^^^^^E^^- 
***si^#yL+-»-#a. 

24 • — 



mfrmtf mis A#>fr, ^#^^^5!]^^^-^ 

*# A 31 
At flMMM^-fr fete, 



25 • *M*>M4£-* 24 ft*-******!**, * + /3fifcj|S— 

26 • flUfr'M'J** 24 tt+*#.*Afc**-fr, ^tW- 

27 • 26 tt*-*****.**^, *t**^«.flr 

28 • *#^#J**. 26 

#**-*%*£tt#*+-»-#a, m*L%— * 
***«^#^+-».fra. 

29 ■ k-fcr: 

MIS*-*.*, &to* t &4k3>M-2tf*-**\>*fiik*; 
**A«*tf#*MM>>t,*h 

*, *Hfc MIS A'**. **A«**fr*«r^*^>L^**— *L 



mis A4MM^W , it**f-W*^^^*^^«,^#*^h-l|s 

i^^.j£*JL>ft^^^>a^^^ MIS A#*JiBj-, ***N*. MIS 

«. Mis A^*^*^*frib«^i^Wflt^^A*Af-^* 

31 ■ IMfcjM^jjs. 30 ^fc*atJL-f <t 

i&x— ^=-4s.^- ifvjst-iic j|.j«r m "V- mi m iat>E.-fr , * 

*, *^-f>8ti)t'fr-S-^'ip* J f ^* mis A4MF4Mt4Lffl - 

32 • »**LifiJ** 29 #t*N*,MIS A 
#^fA-^ n MIS AflL^if* p #Ji£ MIS A^«f MIS 

#— ***ai**#-=.+**a, ^Ef^fWWit^ 

#jl*-*4*l a, WJUf^+^atf^f--*-** 

*a*.W; 

*— fr*#«4**w+-fr*a, tta^A-f^f-**— 



♦MAt. «-§t*— *^f- * +***a*> 

^*JJ*##*^>h**^W*. mis JHMFttXifc, 

#%*4Mfl/Wt**%#^#-f-, *f*,*kJL MIS A4MF#iM.* 
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**A%*****T**fc. 

H*N ^«.WA-Jt*7**iBi«»<****flt^**. ***** 

^'J^P^ IEEE, 1991, CUSTOM INTEGRATED 
CIRCUIT CONFERENCE 27.2.1 t^^7 4Mfc*#»# 

ESD) 

1988EOS/ESD SYMPOSiUMPROCEEDINGS Ta 
PROCESS - TOLERANT INPUT PROTECTION CIRCUIT FOR 



ADVANCED CMOS PROCESSESjp201-P205 t ^NS 7 & ffi -f 

*+*J+#«HMHT 4- 196352 (-M"i:*fe 1) & B *+#J 

4S*f- 6-62529 ( 2) t^T^-#. 1 

*»2, (^f-W 3 +^**«t* 300 

^^*^>ft'^^H&*^^^, ^ESD'hii^, ^*-fflt#* 
Aft, *ilit#^#*I**LA^it*Bt (^^^it^£Ht) , i&£t& 

Jifc%****£iLfitfjL*+, ^LESDte 

#J-^JEi±,!£.^# 3±^^f^. ESD -It. 



• • T V • 

» * * • 4-4. * 

* • * * • * 
^ * «• « ft 

^Mpjfe-J 1 Ji^ i±£.tf $4*, ESD 

El; 

#Af L #-+**aAtt#w+**a, *a*i*#-a#iig* 

a, *a*4»— +**a*ii+'fc*«i*o++^a*i»A, 

+*^a*w***««jf*+*^a, **+-»-*a* 
##-f#—+-**a + «tf-*-+**a**— 

+#.a*#~++*a^waiM*— «*4t^#*+**a» 
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«.*+*^*A**H-fr*!itBtBI^*^, **JifcA*ttTI*. 
#*^«.«5L4I— #+*4**A***fr, fete: 

A 

— * + **A«#*#tt***#*4l-#~#L 



*— ****tt*s.++*a, *^+**a>ii-£-f+**s!.* 
#— *%*«#**-b+**a, *a«A-f+*##JL+, 

+**art. #-b+*#a^*#*^h'i|s*-J-***; A. 

♦*«***>vf*#a, *a^A-f#— 

#Af-++4MfrA-ttt MIS A4MF. *A4MF4MNt* 
^A^+^ttAJitt^'h**^ . mis A4MFti 

m*mis A4MF tt#*IKM^#.>f*tt'fr-5-; 

#Af-++#*Aitt*>#*^h*#*-. tt#-f-Jf MIS 
# ^ MIS A**ttSW#>h#*A^;M-*4*; 



*JE1|f-i^Ht^*0*,AipSl mis A^Mf-fctf, &<J> Mis 

mis A*tf , Wfc**^**^^*^, 
A « * * #J tfjft&Kft , 

a, a^#Af-**4M*A+4#-- 
*%M*uLtta, *a^A-f+**#ji.+i^*— 

#-***«^»*+-»-#.a, **+*#.a«A-f+**#A 



tf 93 * 4**>J lb ^ # 91 Jl * 

9 3 2 ^^iii-iii JM4*JftSI; 

4 Jt*Jiti« + S l - ffl 3 /^tt**^*A*J&*##-*|s^ 

^ 9«S 8 ix -ix #.#*J#B; 

© 11 4Jfl-HNsW 10 tfiM^^ILfcfc^tt^W^+ttflfc 



ftlggrtttt ft ft &} ft ^ m ; 

W; 

9 15 + **Hx-Y**$*jajW; 

B; 

tt-f-fl&B; 

B 20 £.«B 19 +^X- YJpLtf£'J&B; 
B 21 *JL*«4t-WtW3L— &4fcff ti^tt.ftAtflttt-'I'^fe 
a£B; 

B 22 B 21 #*tt+**fcAfcJ£j*fr + tf#4^** 

tf^&B; 

9 23 £.«B 22 t^*X- Y*Ufc*|tf B; 
a£B; 
tf-f-fl&B; 

9 26 A#B 25 t«*X- YJM**Ji6B; 

*£B; 

9 28 AJL*#.#4^it^^— 



ffl 30 A® 29 tff^** 

® 31 4.* 83 30#**$***J*4*l!lX-XJM**ltfW; 
£*fc#<l 1 

****** *JMJ. 9 2*JM*« l #*++#*******$** 

-6 *Jl*4HMSfcxl£ + 8 1-3 ^t*+*#.*A**»'fr*0'«F^*J 
ffl. 

29 - 31 ^M8|A6#M^^ -f +^*A***#**flt** 

***fj^-f it^h-lp*^ 31 *»F*)4jS**32 tft^i*M£„ 

#***30 &tei*Ji$>NMlft#-f' Q30a Q30b & f<f} 

•f, #*i£#>fc*MF$fc^- 31 ^Jfc*<si GND4LfHj 0 

xM&.&'&'f Q30a pnp xMSUl^'f . *l*tift#>fr Q30a ^^L 

4**1****1 31, #&*#L*i£*J>) npn Q30b «$ 

3*h,XSUaLfl#.f - Q30a tf&**i£*£"J*M|S*-?-31 
f- Q30b tf£*#t. x^^UW-f Q30b ft i£##t ***£.] Afe,*4fc 
GND. 



33 p** (Si) *A*iA, 

^4£#n l#34n, £Ji>M^£ K* + # A p 1* 34p. 

4£#A 33 ^iiMWJifM^ii^ (sio 2 ) #jA#^ 

lMMM.*ifc*J*35. 

*+*4M4A 33 ft Ji A-*P^ + . £#Li%&#J& 35 & 51 4$ n I» 34n 
tt-LyM 1 ^ A n+SJ 36nl p+S 36p.n+£-¥-<9- 
36nl jfw p+^-f-f-^S 36p iii±i£#*L 37 'fe£*J4*MP*'f- 

31. 

*+*4MfrA 33 tf_ty&^+, ****** 35 fc«#*nl* 
34n ^ p Efr 34p JiJt-ft ^ , ^ A n+fi K 36n2 ^ 36n3. 

n+^l^-^S 36n3 ilit^ i£4ML 37 fc^^M!]**^ GND. 

&M\--fyifrft&&fc{ttj*Y-fy*&^- 31 ^Jt^HN", itit^Jp+^-f 
36p. n * 34n ( n+^+^K 36nl ) , p 34p ( p 
33) n+ 36n3 m > **MP*-f* 

31 ^^k»^>f±GND^it, ^ifl7^ffl«f 

H.i±* n+fi+*#>K 36nl ( n it 34n ) , p ft 34p ( p & & 33) 
^ n+31++-*K 36n3 #A#*«it*#rtJ^A4Mf. 
31 sM&fc4£GND-f-ii, >W>i«7XMaiJti#>f 

-2V) , ^fJL^iti±^l¥|'f aMfifcifeBfr ( n?&foj£i±&ft ) , 
fclt*i±*%*«/tf*flAJKJM*1ft±. ESD **, flSfc-f 

^# % A A ( 7V J'J 1 2 V ) , £il A *, Ht ( SP , 

/5t«. ***J6.«JH**-W 1. i5U:*T38rA#A*M^fc*. 
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1 pnp npn ffi^XL%L$,<fa^ Qla ^ Qlb, 
lfe*-f *Mp#*- 2 ^*fc,&>& GND 4L« tf— #lf Dl. 

*MK.Jl4Mf Qla apd Qlb «^,#*iEi±S.*i-f ^Jft-f 2 

-haa-*Jk5fr«*it*##ifc. flUfcA*-* Qla tiJUMx.fc&«JiJ*h-l|i 

Qlb ifi7JL, xM&A#>F Qla ti&fefefe&&$JJfeft 

A** Qlb ^^-*L 0 ****** Qlb ^iLJW-*.*.^*^!**^ 
GND. 

Qla s|p Qlb#AttAffl*tt:Mt*|rJM. l it±tt*3M,i±*afc 
2 i&iti^xMS.&'fc'f Qla Qlb GND. #T 

^TKA^^tf ESD 

**StAi»f-^«-J- 2 JlH, Dl 
iSl J^*L* Dl 2 ^ifefcte GND 

&£.XM2L&>f^f Qlb ^^*,*L^j3ft.#*L4LffiJ, ^-T-^, £ pnp 
*M&A#^ Qla tf^M»*k'fe'liGND4LfS), ^jtb^"^, &fai±&fo 
ZW^s&'f 2 JiftN — ^L^f Dl i^i^^-. 

4£ GND iUk=*tf Dl >«ij^h-^^^ 2. ^f^^^^'J 1 * J.fMMl 
ifttf-f ftikaLtfitESD'li. *f'4M^>t#'*.=.*L'f Dl #J&, 



#£UII-III^-#»J#®. 

W#^4^^pf^ (Si) nt(*-+ 
-^^JH-^^^^^-^JK ) 5nl 5n2 J51 p It 5p ( 5pl - 5p3 ) ^ A"f 

n It 5nl**5n2#Ai&*fc*BI**I£, fl*^4^#-MrJ*£-f n M 
&4frtt#A*t (As) . 

^ A p It ( * =-^HM£E ) 5p ( 5pl - 5p3 ) , £IJ£* n It 5nl 
*»5n2, #^5J^<n. #>hpl#5p^*Hfe^*tf£f-pffl4Mfrtt4ll. 

* 6*|*i**— |L4fci* (Si0 2 ) M, ***>E.^MH*^m, Art* 

_ti£— #.<f Dl PN ttftA, PN n It 5nl p+ 

( £/M^-#Lg ) 7 pl M. 
n+^l^-f-^S ( ^ W^-^^E ) 7nl *|*»^#*j-£-f n 
As. n+fi+*#-K 7nl iii±lfc;fcf--f 4 .h^Att** 

8a +«ifc**L 9a, ***«|Jf — l^Ii 10a, 5£ 
■fefc**|*MMfc*-2. 

p++-^*K 7pi #]>i^f M^i^i, #sii±lfc;fc-FA 

ft**** 8a t 9b, >£Xi£lOb. p+3H 
^MM^E 7pl *i£*Sl*fc*,4iGND. 

p+S! 7pl iSlX^ n It 5nl A , n It 5nl n+M 
7nl. PP, iii±*S|— n It 5nl f*|i£J. p+fi 7pl 
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n+S! a 7nl, T^&'h p+fi+ 7pl if* n+fi+^-fra 
7nl fBjtf ifePMfc. 

£*b, p+*+ -**a 7 P l XXA^-fc&^JMr-f n+34+^ 
a 7nl ^-Jfeit. p+a!++#. a 7pl ^i&^n+32-f-^a 

7nl #*i&4fcj&;fci*h #T^m^^^^^n^lBl^^^^i^ 

Bfr # it* &>&&i±M ¥] PH. , m VJL "ST Vk 5t*)SU& Jt#ifcit 

_LifcxMaL*#.tf Qia p+^+*^a ( A-f 

a ) 7p2, n ft 5nl, n+fi-f **a 7n2 p ft 5p2 

p+4!+*^a 7p2 #jdU&4pi£*HMf f" n ft 5nl ^ n+^-f 
^a7nl^t, **|*»fc^>^^f- p«*Jf 

p+Sl+^-fra 7p2 ii.it FlL^-f AfiUfcHL#. 8a t 9c, * 

^#«JJ|5— 10a, J£%ifc*»J*MM*-f-2. 

n+S2+-**a 7n2 ^ A^4pii#^# -f n fit 5nl ^ p ft 5p2 
6* p+S+^a 7p2 JUt. n+g-f -9^3 7n2 #'J:ft*k^*h£ f" n $ 
As. 

Jl*£xMI&*# Qlb n+fi+^-fra 7n2 ( ^JL-f-^a ) 

( n ft 5nl ) , p ft 5p2, n+f>+-f-*a ( Jf-b-f ) 7n3 ( n ft 

5n2) #lA e 

n+^^^-#^a 7n3 % A% ^Jf^-ft^ p ft 5p2 n it 5n2 ft n+ 

**^'J ^ — 10c. n+^^^a 7n3 &i£&&}ib4L4£ 

GND. 

i£l0a-10c#l:teti?4S (Al) Al-Si-Cu^^r#jA. 
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n I9f 5nl *> 5n2 JSL p |# 5p ( 5pl - 5p3 ) , £JlA A4Ti**4|L 

4Mt&4 t*l^*l\&-f n£*Jf444Mti. As, ^f^n+fWE. 

^-#£,4iU&B4£ 11a, *J^ifc*|it;^A*,*JJRS^ lib, 

+*4M*jfc4 t*lA^£^p«4Mttf**IUfc4ll (BF 2 ) , 

p+* a. 

^#it*JJK.@^ lib, 4A*h«HMA 4, 

4 Ji^A p+Sl 7pl 7p2, n+S a 7nl 
- 7n3> 6 

£A « 8a W Ht 0Ufci£#*L 9a ~ 9d. 

ilit^JH-*, *HMA4 -hSfe^-Wdhn* AlA Al-Si 

^rf^A^ — /irii^ 10a- 10c. 

(1) 4Mfc=.*L* Di *fti±A*»-f^-«p*^- 2 

-Let, A*i±afciis±j=.*Lf - di atitM k jfc*,>&#ifc«l^h-«p*-f- 2. n 
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**-*»-f*M|S*#-f- 2 _htt.it*'* ESD 4±, *tS*Tia4t* + 

(2) *-f iPJ^j=. Dl #jjUM^*.*h 

i±,&#£L ESD 
^^fe#J 2 

J&BLtt^^M^B. © 9^*1 8 IX-IX JpL^-^J^S. 

D2, ^ffl7^. — *L* D2 ft^f— *MM^*h &&S± J k*LB.&% 

fo-f D2 %»i^#-^^h^F^^- 2 ;faJ&&4± GND 4Lf5J , VXfcfcfa itHyfa 

IS.. 

S 8 IX -IX %UfiM& ®. 

W. ^f-£*M*J 2 ^flt^*<»J5M-f i ttfMHL*tt*PJ#8* 

*p, p+s-f ( #A*++#.a ) 7 P 3 #a-f P 5 P tt-h>£ 

+ , ^«.feffl—*L* > Dl ^xMiUW'f Qla Qlb. p+3£ -f-^fclK 

7p3 «*»^*^-f p 2!&>f tt>9H. *&Jf tfJfl-^-fc'fc p+Si 

E 7pl ^ 7p2 p+^S 7pl 7 P 2 t 
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£#-#J#— lOd. p+^^E 7p3i£%i£#fijAkifete 

GNDo Ji*L» D2M^ p+^E 7p3, p fiff 5p, pfi+H#Jl,4, 
n It 5nl n+S+-^^a 7nl 

♦ Dl ^xMS.&'fc'f Qla Qlb. &k i±A*i*!|4H|$i*-f- 2 Ji 

at, l 2 iwayMMfcAi.-HM^*. 

i&l ^^AKt^it*. 
^^fe^'J 3 

ffi-flMiUl, + . J*.*,* GNDif*GNDl£.4UL*.i£. 

ifr&&^B8 10-14<MS4M&^£*M*J 3 

D3 D4, ZLik&T—faf D3 ^ D4 ^ -f ^^'fe^^^^l 

H- INVK iL^BH INV1 ^A^-fit P MOSFET Q2a ^ n #ii 

MOSFET Q2b VCC ^Ak.'feJS GND ^«J. iUBH INV1 

ft* ft out *,*#«l-f*^*A*i**#^i'j**i*. /WftiUL, 

'GM^fcifc. 1 tfJfefcjft GND Rl #Afc»fc* GND, ^-^L-f Dl 

jfa D2 J8liUB& INV1 

tLfJLU Rl *J£-f *Mp*-f" 2 INV1 ^*X4LR1, 

*h Rl JMrii#«3fr*fe, *P, B3rjhi±3fc3fcS!|^B* INV1, 



— *Ltf D3 D4 *,i£*-f JSM% INV1 ^«r>^#*L^»*.« 

vcc ^m^&m^jm&fo&ik^fo gnd 4:pq, late'fcin.fi^iMfc. 

£i&i±#]/fl CD ( ) tt#%*#*UMMfc*MM*-f" 2 

#A^A.-f++**At*»^rt^*#Bt. D3 D4 

«T#fe. *PE*jtiUta*INVl ( fete*J&*l**»«KMn 

MOSFET Q2a ^ Q2b ^^MtJMfltf Rfri^/fl f" MOSFET Q2a 

D3 ^ D4 T^Bfrit*? MOSFET Q2a Q2b tt*Nfe$MI#i 
A4»f44tJfc*J9Ui. *'*Mt* i +, D3 D4 «:JLf— * 

S 32^33 JH^T*iUa*INVl ^^/^aWr***** ( fcFiL 
Rl?f*»J=-*L'tD3^D4)^^B^*t^.S 32 7F ife T * * & VCC31 
JjK^tfiUfel* INV31 . A^Bfl INV3 P #i£ MOSFET Q31a 

3*n# it MOSFET I*) Q31b fc* VCC31 GND 

4LfBl„ qgiM^it-FX*!* INV31 tflftv^iaWJ ( fete^rJt^T 

INVl ft MOSFETQ2a Q2b 6^4-^^#^#J-t^ BMlfc 
(4MfcE) *UJ **##t*Mi**-f 2 

MOSFET Q31a ^ Q31b ##T/^W-£#J qg i&sMMfc. #*t?q, it 
i±^^#>#/£#»%»S& VCC31 MOSFET Q31a ^ Q31b 

ibX&'WJLtf** qSd. B 33 ^nbTH#»«.T#Ail**-ff^ 

*W«tW ( W^*^. >£S#, MOSFETQ31a^ 

Q31b #*itM*'Lh#%# qg-^^^ifc#J-h^^# qSd4^KJ*ifc% Ba- 
ft ##flL*JUh *f-A*Bi-«l«*^R, *-frA#»frjMJ 
MOSFET Q31a Q31b #i&i&J&-h, J^i5*ifcA7*ifc#.lfc*3?. 



*k»f*h ifci±fe£*fc|!H. Rl j^M^feg.** D3 D4 INV1 # 

*M8t#J, iU8*INVl #^iiiii£#]JL/ t 4Li#&# qSd T»2*iii±-=-*L 
♦ D3 D4 3kil#ifcJiJ**^Ji. INV1 
tt*^iiMJJi*4f qg^iUaHlNVl tf%ifc#IJi#fc#qSd A)* 

^f'J^^D^ INV1 # MOSFET Q2a sfr* Q2b ##Hfci&JBlJL, #T>* 

•It. 

*h8)%i&3 tt&ft&&^fc7Lft*—$Lfoffl%~&L^ D3 if* D4, 
4LT«*^^#^-fc. #<J:Jp, P #J i£ MOSFET Q3 a #»n#Ji£ MOSFET 
Q3b7T^*»® 13 0f*-=.*L*&*, #MfD3**D4. fc^it 

fl'Wfl.T. MOSFET *T«**#HS#^— #L*te# IV 

J9t«it# MOSFET i T — ^£*a£#Jii£ 

«.*lift^»T»2*-=-*L***, ^^fS 10 #f^tf D3 
D4. A-fitfMI-^TXMaiA^* tf«3frte;&HS— #1* #pXil*t33> 

14 J*M*, ffl-HM^J* 1 fft-^'f Dl fcXL&L&frf Qla 
#»Qlb #Ak.fc$* GND1 JSJfl-f *h©ife5M til—tiLf D3 ^ D4 AJLM 
&INV1 GND2#Utfcl^&. ?F, J&^'fe^if i±^&i#ik 

^^ii^^J^^J^^^^ 1 ^^hS)^^3o Afcifei* GND1 jf* GND2 

f*|-f Afcfcfc GND1 ?fp GND2 fAi&ir£*®L 

T^^^S 15-17**34 8 10 fc&^*tf,&tt3l^#U BQ 
15 16^'J^^-f m 10#h^«MM^<feJfrl ^-T-fl»H,^»>B**X 
-YJpt#-£»]&®. ;ffftitil£jM)*lflti#4!l, 15^16. 



IS 



4fc#| t£M**^ 3 tt&T. *WU**A«* pnp 
*#LA4Mf Qla itf J&#E^ p fi+ JM£ 7p2 Dl # p g + 

■f-^E 7pl — ^ n ft 5nl t > *jfc#ifi.. Ttf *4MM»X&# 

(*A*A;Mr*U&4MF) . #AA«tftfJMiA4MfrQia 

Qlb H.i±#— >i:Xi£ 10a — AX& 12a, * A4M!|'Ml**-f- 2. 

W*ib®fy&m&W%&.m t »s®JLML n+«!+*#.a 7nl 
^p+S+^a 7p2. AXit 10b ^ l0c**IA— , -6 

ffltiB#«H4#A4 i l L ft*] u^^te, ft4UUL p+fi+-fr#.E 7pi ^ 

n+fi+^^K7n3, #JL# — AXx£ 10b 10c 4tjfc*^«. 
— AXi£ 10a- 10c jL&JL^TARIAAMt 8b. 8b 
Si0 2 4H*j£, *>M*:M<* Al ^ Al - Si - Cu ^^^f^^—AXil: 
12a - 12c # jfc-f -t-JMltf -t. 

£ — A Xi£ 12a m.£t&&Zl 9e JtXi£ 10a. %~Jk 

X& 12a ft © # ***.^-t # . UtiLZLM. E 7n2 

p+« 7p2, *-fcE 7nl, p+S+-*H£K 7pl 

^Lp ft5pl «— £ — AXi£ 12a 
^12al> *#^iS4*— ap^^£HM&#. ®^#^12al^^ 

12a Mr— #a^fcffl 15 /tf^tt ft Jitter ft J^/ft, 
*#*#jL^*)£#:*fctt;*to**, *i«*(r*W 15 tff^tff^ft 
SM*. SI ^^P^- 12al i£i±i£.*ML 9f fci£4£5>]# — li^ lOe Ml — 

l-liil lOe **i±**^L 9g %i£4MI#-=.AXifc 

12b. 12b t^^fjffl 10 «t^^** fc *J»-*.ia*Rl. ^ 

*h, # — AX& 12c siift&ttJL 9h *ife*«l<t— llii 10c. # — M: 
Xi£ 12c j*Jfl -fH#*bt« GND 6^X3^., *8#**##j»VfW*.JE;, 

$) S ^ , UfllfiiML n+M E 7n2 «* — n 

ft 5n2 A p ft 5p i£j*#^Xi£ 12a - 12c -kJUMTAffifc 

*MMc. JK*Jfc*M^8c Si0 2 *#A. A1& Al-Si- 

41^, #^>g:Xi£ 12c GND. 
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*h-**-f-i*at***L 9i t^Hf^AU 12a. *h^*&-?- 2 J. 

Ml'JI-li-ii 12a *t*$*MP^ ( *hft-fi£**L 9i #r£#tej: ) 

^-f*lji*4**- (Au) A 

AWH^Mi#44m**#f 2. *Nn*-f- 2 

914%. *MUb&. ^h-*p*-J L 2^— Ip^-taJt** 

4p® 17 #TTF, A+*-4MtJ& 4 ^| Ji^^:#- n ft 13n p ft I3p. 
n ft 13n p ft 13p ft -f Jii£ n ft 5nl ^ p ft 5p # E E 

t (J^LS 15^16) , #J.£to4MfcJfc%.l»*. *t>£-f 

( As) ll^'J n ft 13n t- Jli£ P MOSFET 

Q2a, Jii^J=.*L* D3 ^ -f 4£#E*<fe.<f3i# n ^+-^#8. 14n # Af- 
M-t n If 13n tftE^t . J*£^p«*Jf**4«$|*J!|pftl3p 
+ . Jls£ii #i£MOSFETQ2b* Ji^—^L-f D4 -f ^#ft 

p ^-f-^^K 14p # A"f -f p ft 13p A* Ei&F*| . Jtf «* ,CMOS 
( i# MOS ) &i&3!iUB3l INV1 & MOSFET Q2a A2B 
JMUUl, *t>ft-f p^*^T^«l91/wJ!|^-f*l#ft*,^ pS 

B 14p +, ^J^xtv&i 1 - n As 5I^J!l/fl-Ht# 

n ft%te# n 3£ + 14n +. 

foA£Lfy& INV1 #| P MOSFEET Q2a — *t^&f- n 
ft 13n ^jL^iKft^Obl**^ p+3H-f-^E 15ps ^ 15pd> ^Af- 
4 JnHr#&MU& 15pi. . # A-fHtifclM* 15pi Jl6*«1 
15pg. AR-flU**, MOSFETQ2attM>i*a#A^ittf p+S-f-^K 
15ps^ 15pd^fa"h 

p tt*J$|^£j p+£l^MM£E 15ps *» I5pd 
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+ . p+£!+**E 15ps $%4i*|.Lfc* VCC. JfrflUUl, 

15pi SK> 2 #lA. 4tfe 15pg *J**:M*te*l!B.tt£ A-i&fcA. 

^♦**A. **L I5pg T>ft#A££&l&£ Aj£JlA£*A?*JI 

# A"f -5 MOSFET Q2a ft |s) ft n If 13n A *$-=-#Ltf D3 Ai^ n 
I* 13n #4#A-f p+fi+*^a 16p*«k^Kd*t. — *L 

* D3 — **-T-%***JiuKl* INV1 4$*HS. 15ng JSL 15pg, i?*^ 
— JJtfii.it n I* 13n ffife<ffcft4L* VCC _h. ffi-fiUUl, 

p«#jt*^«i5l>^«l p+fi+^a i6 P t. 

^— ^r^, jfaAAftHlNVl # n MOSFET Q2b — *t 
*0A"f p ft 13p ^jL-*p«ft4fcihN|»^ n+^^-^^E 15ns 3* 15nd> 
#A-f+-WMtA 4 15ni, ft A-f 4t4ft4LJ0l 15ni _ttf 

4t#L15ng. MOSFETQ2b ^SlE^A-fit** n+^^-^ 

15ns ^ 15nd4Ljo). 

#'Hu, **\£-f n £!4Mfr#*l$lA.S»J n+fl-f-^K 15ns afb 15nd 
t. n+^+-^#^E 15ns &i£4£#J:&fc*& GND. 15ni 
&Si0 2 #jA. #fcl5ng^***#tefc&tt£A*l*A. 4t 
*L 15ng ^fll-f *+A-fK,ia|f i&*M*fA. **L 15ng i£T^A#>iM& 

A. #*L 15ng T^^A^^-f&Pa^ A^-hAMJBl^AJil^l* 
'W*»lt,4b4kJBL Jlft'f&^l, #*L 15ng xiii^iit*it**I#*L 15pg, 

o+fi+^-*a i6n, p+^+^a i6 P fr&mn- ri„ 

^ A^-^ MOSFET Q2b ft ffitf p l#13p 1*3 *$-=-#Mf D4 ^Af" p 
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<f D4 ii.3±flt— AXi£ lOf fe&**>J%P-JlRl. #-f-lft|ii.i± 
p ft 13p fe&&$]J&feft GND Jl. «4fc3UU -W**frjft-f n 
#4*51/^ n+£ 16n to 

AHUMM* 8a # A^ii#+*4Mfr*. 4 Ji, »S4«. MOSFET Q2a 
jf*Q2b. D3^D4^fc£4LJ6.. Al A Al "Si 

- Cu 10f >grXi£ lOh - lOi # A-f 

WfMMt 8a Jl b lOf 9j %^$'J n+S!+*#. 

E 16n _h. ^ — Jk5-& lOg iii±i£4**L 9k &*£^£'J p+fi-f^K 
Up^n+^-f-fM^E. 15iisJl.#— >£Xi£lOg GND. 

>g:5-i£ 10h i£iti£4£-*L 9m fci£-&£'J n+^-f 4"#>EL 15nd ^ p+ 
fWES 15pd. M:5-& 10h^A^9^-INVl ttf#Tifc 
#ifc*4M]++**rt^*#ttrt***. #--^JLi£ lOi 

*it**^L 9n 15ps^p n+S EL 14n.# — 

lOi <fei£«WJi$'fc'{£'&& VCC. 

4 

Ttftf^S 18-20 ^WMM^itM 3***1 4 

9 io> 13^14) , 0rMj§&7 xt^<n^#^^^. 

M^]4t> 1 Dl ^i&ffltf 

Qla ^ Qlb) Jiffj-^^EH-H R2 n #Jil MOSFET Q4„ *P, & 
PiLJI Rl R2 #^>h^p^-^ 2 iM" W *.*3 ttitffl* INV1 <#^&^ 
W . £ *b , £##fc£#-#J & GND Ht , n # it MOSFET Q4 

*|*tt*fi4i?J?**W 3 ten. #AAffl*ttxMlA4Mf Qla ^^C#S 
3* J^fet-f ft p $ -f -fr-fr IE i&i ir^i 15] ft fifr F*J , n # it OSFET Q4 i&iL 
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JffiLH R2 Jt^i^T^tfe. FMN^ MOSFET Q4 -t&3fr#%3it 
t, #E5Tjt. MOSFET Q4##-£^. £ *K MOSFET Q4 Jr#i&# 6^ 
*i#A****tf*ffl*tt**A4Mf Qlb ¥iiLM#L%SL 

jyL«4t**#J|t*«ALA#»* Qlb, # 
*3t*W*4^X^. «5t^, MOSFET Q4 ft* tiAkJl£. 

ia^^^^h-^^f 2 Ji^i±^^^i±^5ti± MOSFET Q4 ftJ& 
Gns ^afc^/C/PK £Ub, i&i±MOSFET Q4 SiMfr SMfe fa 
H R2 ttf FfMf] . ft -=.#Lf Dl MOSFET Q4 

19-20 4N»ffl 18 
B 19*»20^JiJ£rt£f-9 18 /^tf^fc^ 1 tf-f-tf 
X-YJM**Jtfffl. 19** 
20, 

ft^W^T n MOSFET Q4 *h ^-f^afc'M 4 1# H'ff ^^J^- 
^-Li? -f £*fc#'J 1*»3 #)i£ MOSFET 4 JMt#A-f 
#A 4 tfji-tptt— *f n+i^^E 7n3 7n4, # Af-*-**M*A 
jL#%fc*MI 17ni, ;MfAf-**MMl7niti*fel7ng. n+^+* 
<fr£7n3*»7n4 4jfl-F MOSFET Q4#&/^#E, ^itiLfc^tfl 
AJ*£-f n As ^A#. — >h 7n3 A#/A 
***** Qlb 6* — -2p£*tf n+Si+-fr*a 7n3 *£*f->&f- 
J^afc-W 4 ft MOSFET Q4 -*P^, %&M SH^ii p It 5p2, n 
If 5n2 p It 5p3. n+32 ++*K 7n3 itit^— >gr-5.i£ 10c 
ii£ 12c ifei£-&f>J# — 10b, ##1 17ng#*J&fc& GND. 

n+^+Jf-fra 7n4 Af" p It 5p3 *] . n+ai++*S 7n4 if it 
d£#*L 9p >£ii£ 10j. n+fi++#-a 7n4 

i£&f!|j£.*|!H.Rl *»R2iU*Htiiifc, fcPlRl *»R2^«J*##— A 
Xi£ lOj MOSFET Q4 ##itS^ Ai^— *f n+fi-f-^ 

*E 7n3 jfp 7n4 4L|aJ^ p RfrE 5p3 t . 

MOSFET Q4 #>#H&#U& 17ni *J*>* Si0 2 #jA, #JL&$Uf-#- 



■f PMOS Q2a *» NMOS Q2b W##fc#-JBt^)9-A.. **L 17ng 

iMbftjfc. ft*;, #*Ll7ng^l»|L-f *+>Mtia^A^j|t*A. 
**L 17ng ?TMfaA%#.fafB.£ &&jLMr&fr&fc&^&4t%>&ift& 
to. **L I7ng Ti^^Aitr^'l&l&^iAMJiAMJOI^A 

12a #9^-^ 12al itit^^L 9r *ifc4MI* — Jk 
T$®1&4tfr 12al i&iti^-Jl 9sl % pH-H R2 

tPM*. fc|2L& R2 *iii±^*^L 9s2 *,^*«H5— 

lOj. #*b> **4t**«L 9t *.4**J*J=.i*A 12d. fl-f 

Jfefejft GND >£Xi£ 12c itit^^^L 9h fci£4MiJ # — 

10b ^ 10c. £ *h >g:Xi£ 10b 10c ^^-^^itit^^L 9u 4 
MOSFET Q4 17ng. 17ng 

7n3, p+^+-fr#*E 7pl GND. 

JMS i£T«*#*J«T*Jt*tJ|t. S|», &f* MOSFET Q4 A*H*&ft 

^*A^**1 ttAWtf . #>L^h^^^2#JJi^it>/fci&il#^ 

GND fA-T^H^ ESD#'fc£, 4fcft+-&-<fr|fcAfcJ*» 
5 

Ttf^ffl 21 - 23 ^MMULW 5 

*-HM^** l ^Mfc-M 2 (ABB 7) 4*N V 

fr—tiLf Dl # p 3H+-^#^|ittX-fS| — + . — *L-f" D2 4p3tiAffl 

Dl ^ D2 GND. to-fXX-fflt**.* 1 ;£<ft*bl)fci&3 4 

#1 L :fcl!I"tt&*fc'M 3 ( 11* 13 14) tf*hE*aMft|S|» ^firX^ 
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22 *» 23 *JiF7tf£-f H 21 Jif^*$fc*Mp4H$1MM* 
22 ^» 23 £*J4.B 21 flf^flfc*** 1 ^^*S^MX-Y 
#^*Jft®. AfftJUl, temtfj&3LMteF\iiti J &i&, >X%-%&M-® 22 
^23o 

5 tttt-*.T, 2*-f«^^riC, .=4MF Dl ft p f! 
+^#.a4«.*LA#^* Qla #j£#aft*-Ffl--l#i*i. xsufet&^'f 
Qla #» Qlb ( Affltf) *t-f4fcife*i£*$4**. £*b, p+ffl-M-frE 
7p3 A-f 4 Ji<tf p I* 5p <ft_L^, ft ft 
&®_=-;fet<f Dl #*xM8t&#>f Qla Qlb, ^^^^•-^^L'f D2. 

5 f. 10k >6 p+2!-f-f^E 7p3 

ftJL-f p+Sl+-fr*a 7p3 ^jJi^. 31— >grii£ 10k AI A Al 

- Si - Cu -MH*A, *5ll±St#^L 9v p+^ + 7p3„ 

i£«*L9v*£>N 10k ttfcftX. >& 

Xi£ 12c fti?£&*| 3 JMfttfsjr*., 4^^^ -f GND 
(broad) f&ft, i$L £.&i&i±&&ll 9h ^ 9w fci£##J 

^— ygrXii 10c jfc^— >§: JLi£ 10k, # — #L-f Dl D2 

i£&;fc%£j GND. 
£;&#'J 6 

T&*k&® 24- 26 *#;ML91&ifc'M 6 
*K 9 24 tt**4T**^ 6 « W** A t* W« tM44. 

fl^fe*l ft IMfc-W 2 ( JLQ 7) Jt-Mflfl. 

6 +, GND1 GND2 ^*>J /fl -f A ffl ♦ ( *MfcA* 
f- Qla ^ Qlb) *L^f Dl ^L^-^L^f D2. GND1 GND2 
AjHifclfc*. 6J(L^7^*.Wift^-f *l*»shl*i-f A *<tfti 
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i^i^^OV, Jk%»GND2*J**ifci##&-1.5V. 

#A A «*#*UlA4Mfr Qla W*.*a^—*L» Dl <ft p 

1 3 (AS io, 13 ^ 14) i#*h 

-&T^S 25 afb 26 «*TWfB 24 J^a$ fcaMF^tf lltf^ 
#J. B 25^26 ^#JA$ 24 J9NHM^**1 ^fi&S^MX-Y 

26. 

****|6^tta.T. JS4^#f**i 2** 5 ^#35^, ^*L» Dl ^ 
p M+*#a4*jkift#>r Qla ^iL#a«.i-f R — If 5nl F*J , XM8L 
A** Qla *» Qlb ( Afflf ) *-f4l*#i£****. P+^ + 

-f-^E 7p3 iSHMttf^ A^Af" 4 p It 5p # _h^p, 
#Mf Dl *Msi#LA#>fr Qla ^ Qlb, #Ltf D2. 

— D2 «-f p If 5p 1*1 , Ht D2 
#Aitf * GND2. it#2£;ftx£A7i£ 

itjZ^L«f D2 GND2 0 

4M*A4 n ftfSnl f*| , f*VX~fa% Dl **#*J#W"*P 

*,*«.X4^A»fc* GND1. -f*., fc-fitjfti±A*»-f ^h-lp*-T- 2 Ji, 

ftGNDl. ti^ifJiS |») t*^f 4 

¥j &&Ml? t -&¥l fa VLT> -itT^^i^^.ESD'|i. 

4^;&#r] 6 ^«Wt 5 Jf|-f ftJik,*,$*##~>&ii£ 12cl fa 
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12c2 i3tX-£# — tfgiM:. %~M:5-& 12cl MfUMtai GND1 
WJfc*.»iit, *illtife**- 9h AX* 10b. #JL, 

%~M;5-& 12cl i£iti±^— >g:ii% 10b fc^Mfl— *Mf Dl $>XM8.A 
4MFQla*»Qlb (AMf ) . #— AXJt 12c2 Ajfl-f*#* 

fe« GND2 ^Ab^AXife, *iti±*&*L 9w <fei£#fij — Aid* 
10k„ #JL, jfti*12c2^iHt#—Jtiit 10k 
D2. 

/3t«t, M^$ifc«j 6, tf4fc*j£fl£flf-3K^f-«;t%#3tX 

4-f-^#j& 4 # ife 4* # ^ « , * & *r b* ^ ^^ii 2 4u n 
4TXJ**.. 



**«7^^t*l^*«|4 (J*L® 18) **£*fc#ij5 (AS 
21 ) IftARjf (XMlA#.tf Qla jfc Qlb) ^-^fet-f Dl >f-, 

a£*^r%pH.|g- R2, n MOSFET Q4 ^J^fet-f D2„ Pp, 

7 + , *, mn- ri R2 *>M-*#-f 2 ***h n 3 44 jutan invi 

tt*&\*w4LiWJ. n>*Ji£MSFET Q4 fci£.&£$tiL * l&* Rl ^ R2 fa\ ifi 
&&lit}X3£5&&m GND^fi], £t£#fcfe£"&2ijj&fc& GND„ 
£*h — *L» D2 <fei£#-F3*.i*,M. Rl ^ R2 KJi£&4$Xi£J9&« 
$ GND-^fa]. 



*(l**#tiili4Mf' Qla ^iMtE*'— *L* Dl #4 p2L+-f- 
#>Ei&X-f I*) — fifrft, MOSFET Q4 ^-^fe-f D2 Jpi&ttA * 
X. *^itXf-*^**l J&^^hW**3 4^-f **«3(JILW 10, 
13^14) tfftff, /tf«t4^Ttf****4MM*. 

22 23 *h5**$ p |f 5 p *$Ji-*F*M* p+^-f-^^E 7p3, iK 
^.^-f #J-,SfcjL&® g| 19 ^ 20 /StTT^^fct-f Dl, *Ml&>fc<f Qla 
Qlb MOSFET Q4, ^flj^j^— ^f^^^^ c i£#tfr#*T, S 
19 0r-iFtf)%^L M;X& 12c MOSFET Q4 # n+^-f-f-fcE 

7n3. ^-^ygrii^ 12c &i£##J® 22 23 /if 4* D2 



# » * • ■ • • • « »!•*«. 
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7 #+fr^T^^ia#£'J^£afc#J l-5^## 

£;&#'J 8 

^^^J 8 ^^^4^-1 A^^'U (&® 18) **£;*MN6 
24) I^Afflf (*HHf Qla Qlb) ifbji*L* Dl ^, 

i£***|fi#R2, n Ml it MOSFET Q4 D2. »p, 4^£&*J 

tfJfrA^fiJ. n MSFET Q4 &i£-&^*t-2- & FJ.^ Rl R2 |hJ3£ 
&ti£i£J?*fe,fett GND1 4L«1, #t##%#ti£#f>l*kfcS& GND1. 
3 *h , — D2 % -f ^| -f It A * M Rl ifb R2 « 
**«GND2 4LW. ^^^')8 t. GND1 4»GND2 4t&fe 

W**fc^-f AW* (*MfcA*Mf- Qla^Qlb)^—^* Dl JSl— #L* 
D2. GND1 ^» GND2 4tjth*K|*. &#*^F|UN , 

GND1 W*>i9Lf_%#j OV, GND2 4Rj*Hfc JLifr#& - 1.5V. 

^* 4 j*&¥)tit$L. & tit ^T— 

#1* D2 iti-f p It 5p ft ( JS>ffl 25 *» 26 ) , /3f D2 %3&# 

«ii|ft-*Pfc*H8tJ.#J*.%iS GND2. HA, ^*Jiitl±i*.^lfeifti±— 
^L* D2 4-^J4^7t#^iJ^ GND2 tf+fr^. &i*7, *-F##*,J& 1 
# — *L* Dl Mt4+^#Jl, 4 &R*&<# n I9f 5nl ft ( J*L© 25 
jfp 26) , JsfriS*JL#Mfr Dl T«**it*i!|*^^%j»tfci^*b** 
GND1. 2?&$3±&faT*\-%*&T 2 _h, &#f;fa%>&5l&tfii 

fe&&i£$fcHt^s£i±— ^1* Dl i3k3tjtt.*.*JJA.^3» GND1. ®jtb, * 

<JLT. ^"T^^i^ESD'te. 

A «*tf *M*A#.* Qla *L* Dl ift p 

— fifrft, MOSFET Q4 ^»^*L* D2 ^afi.^ W*«.i. 
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ft. 4^;&#']8 t» 25^26/^, 4t#^I-f*fcGNDl3fcGND2 

lft3$~ygrXi£ 12cl l 2c 2„ yirJLi^ 12cl itit^^^L 9h 

«#— >£-§:i£ 10b. #JL, 12cl i£i&i£#— >&Xi£ 10b 

***ffl^.*L* Dl fflf ( «.#Lift#>fr Qla #d Qlb ) . JH^-Ai 
* 12c2 *ii±i£«ML 9v fci£#I>|#— *ii£l0k. #JL, 
12c2 i£i&i±# — >g: 5Li£ 10k ^^I'J^-f D2„ 

£.ML££4fc*l 8 iHrlt^T, */sT«*4MI-5£*fc'W 1-4 6 ft 

^* *J ^ £ *fc#'J *4Mh# T ^ljS. *A^¥j2LW, i&^ML W ¥c # * & 
Ifc-f 1-3. Atfifc, *^#«4^tW*A*^Jf «»«.T, 

1-3 ej^fcT*++*4Mi-*Jfl# p * si 

#*FHi"jk 0 n SI. 

DRAM (^&I&4MMl£-4t1t) > SRAM < #&W*#JpUH** ) ♦ 
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•ft w * «■ ffl 




1: Q ia : *M&&#^ 

2: *h-*?i*-f Q lb : *Ml&>frf" 

Di: -^fel-f 





- 2 - 



m 3 




5p : pRfr (JM-f-M^B) 

5nl: nm <* 1 B ) 

5n2: ($2-M-frB) 

7nl: n + 3l!^MM££ {% 4 

7n2: n + 2!+^£ ( % 6 ) 

7n3 : n + fi B ( K 7 +*#>B ) 

7pl : p + ^^M^E ( £ 8 *-MtK ) 

7p2 : p + fi*-*#B ( # 5 +^#E ) 



- 3 - 



I • ■ • • 
♦ * * * 
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- 5 - 
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- 6 - 



m 10 
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